Abstract. There is no general theory of cache dispersal in food-storing animals. The present study of free-ranging black-capped chickadees, Parus atricapillus, was undertaken to determine whether caches were deployed in ways that might reduce the overall memory load required for cache recovery. Birds were studied in natural habitats of New York state's Hudson Valley during the time of the year when they lived in flocks. Birds were offered sunflower seeds at feeders during the autumn and winter. Storing flights ended usually at short distances from the feeder and tended to cluster around a preferred orientation. This orientation often persisted on subsequent days and overlapped with that of other flock members. The behaviour observed may reflect a compromise between the need to minimize the energy cost for food storing (close to source), to minimize the risk of thievery (scatter-hoarding), and to optimize the memorization of caching sites. One hypothesis offered to explain this behaviour is that cached sites clustered in a particular direction will be remembered with reference to a common set of landmarks, and thus pose less of a memory load than items cached over a broad area using all directions away from a food source.
Two years ago we noticed that individual colourbanded black-capped chickadees, Parus atricapillus, carrying sunflower seeds away from a feeder tended to depart in a narrowly defined direction. What could be the significance of this behaviour? We report here the results of the study that followed.
Our observations of chickadees were prompted by an interest in understanding the behavioural and neural mechanisms used by small animals trying to acquire a lot of information. Brain space may limit how much can be learned (Nottebohm et al. 1981; Canady et al. 1984) . The hippocampus is thought to be involved with the acquisition of spatial memories (O'Keefe & Nadel 1978; Bingman et al. 1984) and it has been suggested that the amount and complexity of spatial information that an animal can remember is related to the size of the hippocampus. Birds that engage in food storing have a relatively larger hippocampus than those that do not (Krebs et al. 1989; Sherry et al. 1989) . Similarly, female brown-headed cowbirds, Molothrus ater, a nest parasite, have a larger hippocampus than males, possibly related to the females' need to remember the location of the various nests where they will lay their eggs (Sherry et al. 1993) .
The amount of information about external events that a brain can acquire and remember is probably limited not just by the brain space available but also by the way in which memories are acquired and linked. Data organized in 'chunks' are more readily remembered than random collections of data (Miller 1956; Mandler 1967; Simon 1974; Wickelgren 1979; Terrace 1987) . However, we know very little about the nature of the information that wild animals living in their natural surroundings acquire and how they 'chunk' it. Food storing by animals may allow us to look at the way in which some animals chunk spatial memories.
Many mammals and birds store food and use it later. They follow different strategies for storing this food, ranging from highly distributed (scatterhoarding) to highly clumped (larder-hoarding) stores (Vander Wall 1990) . However, there is no theory of cache dispersal that predicts what each species will do. The strategy evolved by each species should combine a number of requirements. Specifically, it should (1) minimize the cost of
